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HIGHLIGHTS 


►  FeS 2/C  composite  is  prepared  by  a  simple  solid  state  reaction  for  the  first  time. 

►  The  result  of  XPS  shows  the  carbon  coating  can  reduce  the  corrosion  from  HF. 

►  The  result  of  ICP  shows  the  carbon  coating  can  reduce  the  dissolution  of  sulfur. 

►  FeS2/C  composite  shows  superior  electrochemical  performance. 
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Carbon  coated  FeS2  (FeS2/C)  composite  is  prepared  via  a  simple  solid  state  reaction  using  glucose  as 
carbon  source.  The  porous  FeS2  particles  are  uniformly  surrounded  by  the  amorphous  carbon  coating.  As 
an  anode  material  for  lithium  ion  batteries,  the  FeS2/C  composite  exhibits  higher  reversible  capacity  and 
better  cycling  performance  than  the  unmodified  FeS2.  The  specific  capacity  of  the  FeS2/C  composite  after 
50  cycles  is  495  mAh  g_1,  much  higher  than  that  of  FeS2  (345  mAh  g_1).  In  order  to  investigate  the  effect 
of  carbon  coating,  the  cycled  electrodes  have  been  analyzed  by  X-ray  diffraction  (XRD),  scanning  electron 
microscopy  (SEM)  and  X-ray  photoelectron  spectroscopy  (XPS).  The  improvement  is  attributed  to  the 
introduction  of  carbon  coating,  which  can  enhance  the  conductivity,  reduce  the  dissolution  of  sulfur  and 
corrosion  from  HF,  and  stabilize  the  porous  structure  during  cycling. 

©  2012  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Iron  disulfide  (FeS2)  is  an  attractive  anode  material  for  lithium 
ion  batteries  (LIBs)  because  of  its  interesting  characteristics  such  as 
high  theoretic  capacity  (890  mAh  g_1),  low  environmental  impact 
and  affordable  cost  [1—3].  However,  its  practical  application  is 
restrained  by  the  poor  cycling  stability  resulting  from  the  poor 
electrical  conductivity  and  the  cycleability  of  sulfur,  causing  dete¬ 
rioration  of  active  materials  during  cycling  [3].  A  variety  of 
appealing  strategies  have  been  utilized  to  solve  these  intractable 
problems.  For  example,  Montoro  et  al.  found  that  the  gelatin-pyrite 
composite  electrode  could  sustain  279  mAh  g-1  after  15  cycles  in 
the  voltage  range  of  1.1— 3.2  V  (vs.  Li/Li+)  at  0.4  mA  cm-2  [4].  Choi 
et  al.  reported  a  nickel-precipitated  pyrite  which  could  exhibit  an 
initial  discharge  capacity  of  600  mAh  g_1  at  89  mA  g  1  between  0.8 


*  Corresponding  author.  Tel.:  +86  571  87952856;  fax:  +86  571  87952573. 
E-mail  addresses:  tujp@zju.edu.cn,  tujplab@zju.edu.cn  (J.P.  Tu). 

0378-7753 /$  -  see  front  matter  ©  2012  Elsevier  B.V.  All  rights  reserved. 
http://dx.doi.Org/10.1016/j.jpowsour.2012.05.112 


and  2.4  V  (vs.  Li/Li+)  [5].  However,  it  is  still  a  great  challenge  to 
obtain  high-performance  FeS2  electrode  material  with  both  large 
reversible  capacity  and  long  cycling  life. 

Composite  with  carbon  is  expected  to  be  an  advanced  anode 
material  in  LIBs  [6-17].  It  is  reported  that  the  carbon  coating  can 
suppress  the  aggregation  of  active  particles  and  the  side  reactions 
between  the  active  material  and  electrolyte,  increasing  their 
structure  stability  during  cycling  [18].  Besides,  the  carbon  can 
enhance  the  electrical  contact  among  the  active  materials,  in 
principle,  are  easier  to  bind  than  isolated  nano-sized  particles 
[9,19-22].  What  is  more,  the  carbon  coating  could  also  act  as  elastic 
buffers  to  relieve  the  strain  associated  with  the  volume  change 
during  lithium  insertion/extraction  [23]. 

Although  carbon  coating  is  widely  used  in  the  investigation  of 
many  materials  such  as  NiO,  Sn02  anode  materials,  there  are  few 
reports  dedicated  to  FeS2/C  composite  [24,25].  In  this  present  work, 
carbon  coated  FeS2  composite  is  prepared  by  a  simple  solid  state 
reaction.  The  electrochemical  properties  of  the  FeS2 /C  composite 
and  FeS2  electrodes  are  investigated.  As  a  result,  preliminary 


230 


D.  Zhang  et  al.  /  Journal  of  Power  Sources  217  (2012)  229-235 


experiments  in  this  study  show  that  the  as-prepared  FeS2 /C 
exhibits  excellent  electrochemical  performance  with  high  capacity 
retention  and  specific  capacity  during  cycling.  Furthermore,  the 
reasons  for  the  improvement  on  the  electrochemical  properties  are 
discussed  in  detail  through  many  measurements,  especially  XPS. 

2.  Experimental 

FeS2 /C  powder  was  prepared  by  a  simple  solid  state  reaction. 
Firstly,  a  mixture  of  FeC204-2H20,  S  powder  and  glucose  with 
a  molar  ratio  of  1:3:0.12  was  dispersed  in  alcohol  and  planetary 
milled  for  8  h  at  a  rotating  speed  of  350  rpm.  Ball-milling  was 
carried  out  at  room  temperature  in  air  using  agate  vial  and  balls 
(ball/powder  weight  ratio  of  8:1).  Then,  the  as-prepared  precursor 
was  dried  in  an  oven  at  60  °C.  After  alcohol  was  completely 
removed,  the  precursor  was  placed  in  porcelain  boats,  and  then 
calcined  at  380  °C  for  2  h  under  Ar  flow  in  a  tube  furnace  to  get 
crystallized  FeS 2/C.  The  FeS2  powder  was  prepared  without  glucose 
in  the  same  way  for  comparison. 

The  crystal  structure  and  morphology  of  FeS2  and  FeS2/C 
composite  were  investigated  by  X-ray  diffraction  (XRD,  D/Max- 
2550),  field  emission  scanning  electron  microscopy  (FESEM,  FEI 
SIRION)  and  transmission  electron  microscopy  (TEM,  JEOL 
JEM200CX).  As  the  electrode  after  cycles  is  sensitive  to  atmospheric 
moisture,  sample  preparation  for  XRD  was  carried  out  in  the  glove 
box.  In  addition,  the  surface  of  cycled  electrodes  was  covered  with 
a  layer  of  poly(vinyl  chloride)  (PVC)  film  in  order  to  minimize 
exposure  of  electrode  to  atmospheric  moisture  during  data  acqui¬ 
sition.  The  weight  content  of  C  in  the  FeS2 /C  composite  was  tested 
by  Element  Analyzer  (Flash  EA  1112).  The  specific  surface  areas  of 
the  samples  were  measured  following  the  multipoint  Bru- 
nauer-Emmett-Teller  (BET)  procedure  from  the  N2  adsorp¬ 
tion-desorption  isotherms.  N2  adsorption-desorption  isotherms 
were  collected  at  liquid  nitrogen  temperature  using  an  AUTOSORB- 

I  -C  gas  sorption  analyzer.  DSC-TGA  analysis  of  the  precursor  was 
measured  on  a  SDT  Q600  apparatus  in  the  temperature  range  of 
28-600  °C  at  a  heating  rate  of  10  °C  min-1  under  an  Ar  flow  of 
120  ml  min-1.  The  content  of  the  S  content  in  cycled  electrolyte  was 
analyzed  by  inductive  coupled  plasma  spectrometry  (IRIS  Intrepid 

II  XSP).  XPS  analysis  was  conducted  using  X-ray  photoelectron 
spectroscopy  (Kratos  AXIS  Ultra  DLD)  and  the  vacuity  is  better  than 
6.8  x  10-9  Pa  during  the  data  acquisition.  The  electrodes  for  XPS 
analysis  were  obtained  from  the  coin-type  cells  charged  to  2.6  V 
and  transferred  to  the  inert  sample  transporter  with  4-way  cross  in 
the  glove  box. 

Electrochemical  performances  were  performed  by  assembling 
CR2025  coin  cells.  To  prepare  electrodes,  the  FeS2  or  FeS 2/C 
(60  wt.  %)  was  homogeneously  mixed  with  acetylene  black  (25  wt. 
%)  as  conducting  agent  and  PVDF  as  binder  (15  wt.  %).  Firstly,  PVDF 
was  dissolved  in  N-methyl-pyrrolidone  (NMP).  Then  the  mixture  of 
acetylene  black  and  FeS2  powder  was  milled  for  30  min  and  mixed 
with  PVDF  by  mechanical  agitation  for  3  h.  The  slurry  was  spread 
uniformly  on  aluminum  foil  at  room  temperature.  After  dried  at 
100  °C  for  12  h,  the  composite  film  was  pressed  under  a  pressure  of 
10  MPa.  The  cells  were  assembled  under  high  pure  argon  atmo¬ 
sphere  in  a  glove  box  using  FeS2  electrode  as  the  working  electrode, 
metallic  lithium  foil  as  the  counter  electrode,  1  M  LiPFg  in  ethylene 
carbonate  (EC)-dimethyl  carbonate  (DMC)  (1:1  in  volume)  as  the 
electrolyte  and  a  polypropylene  micro-porous  film  (Cellgard  2300) 
as  the  separator. 

The  galvanostatic  charge-discharge  tests  were  conducted  on 
LAND  battery  program-control  test  system  at  rates  of  0.05-0.2  C 
(1  C  =  890  mA  g-1)  between  1.2  and  2.6  V  at  room  temperature.  CV 
and  EIS  measurements  were  carried  out  on  CHI  660C  electro¬ 
chemical  workstation.  CV  tests  were  recorded  at  a  scan  rate  of 


0.1  mV  s-1  from  1.1  to  2.7  V  (versus  Li/Li+).  EIS  tests  were  performed 
using  a  three-electrode  cell  with  the  as-prepared  FeS2  as  the  working 
electrode,  metallic  lithium  foil  as  both  the  counter  and  reference 
electrodes,  over  a  frequency  range  of  100  kFIz  to  10  mHz  under  AC 
stimulus  with  5  mV  of  amplitude  and  no  applied  voltage  bias. 

3.  Results  and  discussion 

The  DSC-TGA  curves  of  the  precursor  for  FeS2/C  are  shown  in 
Fig.  1.  The  TGA  curve  shows  four  main  steps  of  weight  loss  over  the 
temperature  range.  The  peak  at  around  100  °C  in  DSC  curve  can  be 
assigned  to  the  loss  of  absorption  water  of  the  mixture  and  the 
melting  of  sulfur.  The  weight  loss  from  150  to  230  °C  in  TG  curve  is 
related  to  the  thermal  decomposition  of  glucose  and  the  decom¬ 
position  of  FeC204.  The  endothermic  peak  at  300  °C  can  be  attrib¬ 
uted  to  the  formation  of  FeS2/C  composite.  In  the  range  of 
300-380  °C,  the  FeS2/C  is  stable  [26].  It  has  been  previously 
reported  that  the  glucose  can  be  carbonized  to  amorphous  carbon 
at  about  380  °C  [11,27].  Above  380  °C,  the  weight  loss  turns  evident 
again,  which  is  associated  with  the  decomposition  of  FeS2.  There¬ 
fore,  FeS2 /C  composite  is  prepared  at  380  °C. 

Fig.  2  shows  the  XRD  patterns  of  FeS2  and  FeS2 /C  powders.  The 
diffraction  peaks  of  both  samples  are  similar  and  can  be  perfectly 
identified  as  a  single  phase  of  pyrite  FeS2  (JCPDS  card  No.  42-1340) 
with  a  cubic  structure  indexed  to  Pa3  [205]  space  group.  The 
content  of  carbon  in  the  composite  is  calculated  to  be  5.34  wt.  % 
tested  by  an  element  analyzer.  However,  no  peak  of  carbon  is 
observed  in  XRD  pattern,  thus  it  is  concluded  that  the  carbon  is 
amorphous. 

The  morphology  and  detailed  structure  of  samples  are  illus¬ 
trated  by  SEM  and  TEM  images.  Fig.  3a  shows  that  the  FeS2  particles 
are  composed  of  rod-like  second  particles  with  diameters  of 
0.2-1  pm  and  lengths  of  0.5—3  pm.  And  the  rod-like  second 
particles  are  made  up  of  small  first  nanoparticles  with  30-100  nm 
in  diameters.  The  pores  between  the  nanoparticles  are  5—30  nm  in 
size  (Fig.  3b).  For  the  FeS2 /C  particles,  the  porous  structure  and  the 
particle  size  is  still  maintained,  indicating  that  the  introduction  of 
carbon  does  not  influence  the  morphology  (Fig.  3c, d). 

A  typical  TEM  image  of  the  unmodified  FeS2  particle  confirms 
the  porous  structure  (Fig.  4a).  The  regularity  of  the  lattice  image 
reveals  the  crystallinity  of  these  particles  (Fig.  4b).  The  space 
between  the  adjacent  planes  is  2.7  A,  which  corresponds  well  to  the 
(200)  plane  of  FeS2.  After  coating  with  carbon,  this  nanoporous 
structure  is  preserved  (Fig.  4c),  which  is  consistent  with  the  SEM 


Fig.  1.  DSC-TGA  curves  of  the  precursor  for  FeS 2/C  recorded  from  28  °C  to  600  °C  with 
a  heating  rate  of  10  °C  min-1  under  an  Ar  flow  of  120  ml  min-1. 
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Fig.  2.  XRD  patterns  of  FeS2  and  FeS2/C  powders. 


image.  The  surface  of  the  FeS2  particle  is  coated  by  an  amorphous 
carbon  layer  with  1.0-3.0  nm  in  thickness  (Fig.  4d).  The  FeS2/C 
composite  exhibits  smaller  surface  area  (14.57  m2  g-1)  than  that  of 
the  FeS2  (18.32  m2  g-1)  from  the  result  of  BET.  It  may  be  due  to  that 
some  pores  between  the  first  nanoparticles  are  filled  by  the  carbon, 
leading  to  reduced  specific  surface  area.  The  FeS2/C  composite 
particles  also  show  regular  lattice  image  and  the  space  between  the 
adjacent  planes  corresponds  well  to  the  (200)  plane  of  FeS2 
(Fig.  4d). 

Fig.  5  shows  the  first  two  discharge-charge  curves  of  the  porous 
FeS2  and  FeS2/C  electrodes  between  1.2  and  2.6  V  at  0.05  C.  The  first 
discharge/charge  voltage  profiles  as  well  as  the  second  cycle  for  the 
FeS2  and  FeS2/C  electrodes  are  very  similar.  Both  the  electrodes 
exhibit  initial  discharge  plateau  at  around  1.5  V  corresponding  to 
the  transformation  from  FeS2  to  Li2S  and  Fe,  and  two  charge 
plateaus  at  near  1.8  and  2.45  V  indexed  to  the  formation  of  Li2FeS2, 
Li  and  further  to  FeSy,  S  and  Li  [4,28].  Besides,  the  second  discharge 
curves  show  an  additional  discharge  plateau  at  about  2.0  V, 


suggesting  a  change  in  the  mechanism  of  pyrite  reduction.  It  is 
considered  that  the  Li+  intercalation/extraction  potential  of  carbon 
is  low  (<0.5  V)  and  the  content  of  carbon  is  small,  thus  the  capacity 
contribution  of  carbon  can  be  neglected.  The  FeS2  electrode  delivers 
an  initial  discharge  capacity  of  840  mAh  g-1,  thus  the  lithium 
concentration  transferred  to  the  pyrite  electrode  reaches  about 
3.78e/FeS2.  The  FeS2/C  composite  electrode  delivers  an  initial 
discharge  capacity  of  784  mAh  g-1.  The  lower  discharge  capacity  of 
FeS2/C  should  be  attributed  to  its  small  contact  area  with  electro¬ 
lyte,  resulting  in  limited  sites  to  accommodate  Li+.  The  similar 
behaviors  are  also  reported  for  other  carbon-coating  materials, 
such  as  LiNii/3Mni/3Coi/302-C  [29]  and  NiO-C  [9]. 

Fig.  6  shows  the  cycling  performance  of  the  two  electrodes  at 
0.05  and  0.2  C,  respectively.  The  specific  reversible  capacity  of  FeS 2/ 
C  composite  after  50  cycles  is  495  mAh  g-1  at  0.05  C  and 
371  mAh  g-1  at  0.2  C,  respectively,  much  higher  than  those  of  FeS2 
(345  mAh  g-1  at  0.05  C  and  237  mAh  g-1  at  0.2  C).  In  addition,  the 
FeS2/C  composite  exhibits  better  capacity  retention.  After  50  cycles, 
the  FeS2/C  composite  could  sustain  79.3%  and  68.9%  capacity  of  the 
2nd  cycle  at  0.05  and  0.2  C,  respectively,  compared  with  55.3%  and 
42.7%  for  FeS2.  As  can  be  seen,  the  introduction  of  carbon  coating 
results  in  the  improved  cyclability  of  FeS2. 

XPS  is  a  useful  measure  to  investigate  the  surface  of  electrodes 
and  the  XPS  spectra  of  F  1  s  of  the  cycled  electrodes  are  shown  in 
Fig.  7  [1,30-37].  Three  types  of  fluoride  which  correspond  to 
fluoride  atoms  in  different  functional  groups  appear  clearly.  The 
product  is  determined  by  the  binding  energy  and  kinetic  energy  for 
FIs.  According  to  the  Auger  spectrum  (655  eV),  these  peaks  of 
binding  energies  correspond  to  LiF  (685  eV),  LixPFy  (687  eV)  and 
PVDF  (687.8  eV)  [38].  LixPFy  is  the  oxidation  state  of  LiPF6  [38].  The 
hydrolysis  of  the  dominant  lithium  salt  LiPF6  in  electrolyte 
produces  HF,  LiF  and  POF3.  It  is  supposed  that  the  formation  of  LiF  is 
also  attributed  to  the  reaction  of  POF3  with  Li2S,  HF  with  Li2S,  and 
HF  with  the  intermediate  product  Li2FeS2  [39,40]. 

It  is  clearly  seen  that  there  is  a  significant  difference  between 
the  FeS2/C  and  FeS2  electrodes  in  the  range  of  685-688  eV.  The 
content  of  PVDF  is  identical,  but  the  intensity  of  PVDF  displayed  in 
the  FeS2  electrode  is  much  lower  than  that  of  the  FeS2/C,  being  due 
to  the  small  detection  range  of  XPS  and  the  large  proportion  of  LiF 


Fig.  3.  SEM  images  of  (a,  b)  FeS2  and  (c,  d)  FeS2/C  powders. 
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Fig.  4.  TEM  images  of  (a,  b)  FeS2  and  (c,  d)  FeS 2/C  particles. 


and  LixPFy.  The  ratio  of  LiF  peak  area  of  FeS2  electrode  to  that  of  the 
FeS2 /C  electrode  is  about  25:18,  indicating  the  reduced  amounts  of 
LiF  in  FeS2 /C.  It  is  no  doubt  attributed  to  the  carbon  coating,  which 
reduces  HF  corrosion,  and  thus  improves  the  electrochemical 
performances  of  the  cells. 

The  XRD  patterns  of  the  FeS2  and  FeS2 /C  electrodes  charged  to 
2.6  V  after  50  cycles  are  shown  in  Fig.  8.  The  broad  diffraction  peak 
from  14  to  25°  in  20  degree  comes  from  the  PVC  film.  The  peak  of  Al 
is  attributed  to  the  Al  current  collector  (the  reaction  product  is 
scraped  off  the  current  collector).  For  the  FeS2  electrode,  besides 
the  peak  of  Al,  other  peaks  are  indexed  to  S,  FeS,  Li2FeS2  and  L^S.  It 
is  supposed  that  the  reaction  transforming  from  Li2S  and  Fe  to 
Li2FeS2  is  not  complete,  thus  Li2S  is  detected  even  if  some  L^S  is 
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Fig.  5.  Discharge-charge  curves  of  (a)  FeS2  and  (b)  FeS2/C  electrodes  between  1.2  and 
2.6  V  at  0.05  C. 


Fig.  6.  Cycling  performance  of  FeS2  and  FeS 2/C  electrodes  at  0.05  and  0.2  C  between  1.2 
and  2.6  V  for  50  cycles. 
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Fig.  8.  XRD  patterns  of  FeS2  and  FeS2/C  electrodes  charged  to  2.6  V  after  50  cycles. 


Fig.  9.  Nyquist  plots  of  FeS2  and  FeS2/C  electrodes  at  a  discharge  state  after  the  5th 
cycles  in  the  frequency  range  of  100  kHz-0.1  Hz. 


Fig.  10.  CV  curves  of  FeS2  and  FeS2/C  electrodes  for  (a)  the  first  cycle  and  (b)  the  fifth 
cycle  between  1.1  and  2.7  V  (versus  Li/Li+)  at  a  scan  rate  of  0.1  mV  s_1. 
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Fig.  11.  SEM  images  of  the  (a,  b)  FeS2  and  (c,  d)  FeS 2/C  electrodes  after  50  cycles  at  0.05  C. 


consumed  by  HF.  However,  U2S  is  not  observed  in  the  FeS2 /C 
electrode,  suggesting  the  more  complete  electrochemical  reaction 
and  the  better  reversibility  of  FeS2 /C  composite.  Besides,  the 
intensity  of  Li2FeS2  for  the  FeS2 /C  electrode  is  a  little  higher  than 
that  of  the  FeS2,  due  to  the  more  complete  electrochemical  reaction. 

In  addition,  the  result  of  ICP  shows  that  the  composition  of  the  S 
in  cycled  electrolyte  is  1.91  and  1.44  pg  ml-1  for  the  FeS2  and  FeS2 /C 
electrodes,  respectively.  It  is  confirmed  the  protective  effect  of  the 
carbon  coating  on  reducing  the  dissolution  of  sulfur,  which 
improves  the  cycling  performance  of  FeS2  electrode. 

EIS  analysis  of  electrodes  after  the  5th  cycle  discharged  to  1.2  V 
is  shown  in  Fig.  9.  It  is  generally  believed  that  the  semicircle  at 
middle  frequency  region  is  ascribed  to  the  charge-transfer  imped¬ 
ance  at  the  electrode/electrolyte  interface,  while  the  line  in  the 
lower  frequency  region  is  corresponded  to  the  diffusion  of  lithium 
ions  within  electrodes  [41  ].  It  is  obviously  shown  that  the  diameter 
of  the  semicircle  in  medium-frequency  region  for  the  FeS2 /C  elec¬ 
trode  is  smaller  than  that  of  FeS2,  indicating  lower  charge-transfer 
impedances.  As  is  well  known,  the  electrical  conductivity  is  one  of 
the  main  causes  for  the  charge  transfer  resistance  [42,43].  There¬ 
fore,  it  is  concluded  that  the  carbon  coating  supplies  fast  charge 
transfer  channels  on  the  interface  of  FeS2/electrolyte. 

The  enhanced  electrical  conductivity  of  FeS2/C  electrode  can 
also  be  confirmed  by  CV  curves  in  Fig.  10.  It  exhibits  a  single 
reduction  peak  and  two  oxidation  peaks  in  the  first  cycle,  and  two 
reduction  peaks  in  the  fifth  cycle  which  are  consistent  well  with  the 
discharge-charge  plateaus  in  Fig.  5.  For  the  first  cycle,  the  FeS2 
electrode  exhibits  high  intensity  of  electrochemical  peaks,  sug¬ 
gesting  the  large  amount  of  Li+  react  with  FeS2  in  the  discharge 
process.  However,  in  the  fifth  cycle,  the  FeS2  electrode  exhibits  the 
higher  potentials  of  oxidation  peaks  and  lower  potentials  of  cor¬ 
responding  reduced  peaks,  indicating  the  large  polarization  for  the 
lithium  extraction/insertion  process.  The  polarization  is  associated 
with  the  transferring  delay  of  electrons  on  the  active  material / 
electrolyte  interface  [44].  The  smaller  polarization  in  the  FeS2/C 
electrode  indicates  the  facilitated  electron  and  ion  transferring 
during  electrochemical  reactions. 

Fig.  11  gives  SEM  images  of  the  FeS2  and  FeS 2/C  electrodes  after 
50  cycles  at  0.05  C.  It  can  be  seen  clearly  that  the  original  rod-like 


structure  of  FeS2  disappears  completely  due  to  the  drastic  volume 
changes  during  discharge  and  charge  process  (Fig.  11a  and  b)  [26]. 
Besides,  a  connected  network-like  structure  appears  which  is 
caused  by  the  aggregation  of  particles  [45,46].  However,  for  the 
FeS2 /C  electrodes,  the  rod-like  porous  structure  keeps  well,  indi¬ 
cating  that  the  porous  FeS2  is  stabilized  by  the  carbon  (Fig.  11c  and 
d).  The  carbon  coating  is  considered  to  buffer  the  drastic  volume 
change  during  discharge  and  charge  process,  keeping  the  porous 
structure  of  active  material  and  improving  the  electrochemical 
performance  [23,47]. 

4.  Conclusions 

FeS2 /C  composite  was  synthesized  using  glucose  as  a  carbon 
source  via  a  simple  solid  state  reaction.  The  carbon  was  coated  on 
porous  FeS2  particle  surface.  Better  cycling  performance  was 
obtained  for  the  FeS2 /C  electrode.  The  specific  capacity  of  the  FeS2/C 
composite  after  50  cycles  is  495  mAh  g-1,  much  higher  than  that  of 
FeS2  (345  mAh  g-1).  The  improvements  can  be  attributed  to  the 
carbon  coating,  which  enhances  the  electrical  conductivity,  reduces 
dissolution  of  sulfur  and  corrosion  from  HF,  and  stabilizes  the 
porous  structure  of  active  material  during  cycling. 
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